The chlormequat chloride (CCC) effects (0, 750, 1500 3000 and 6000 mg·L -1 ) on the growth index (GI) and flowering of Lantana camara subsp. camara under different levels of shading (0%, 28% and 66%) were determined in 1997 and 1998 in Attica (37 0 48΄20΄΄N, 23 0 57΄48΄΄E), Greece. The GI of the CCC treated plants was, in general, increased, significantly at 6000 mg·L -1 compared to smaller concentrations. The increasing shading from 0 to 66% caused a significant increase to the GI of the experimental plants. Increased number of flower heads was observed with increasing concentrations of CCC; this number was significant, in general, to concentrations larger than 1500 mg·L -1 compared to smaller than this, at all shading levels. No permanent chlorosis was noticed on leaves of lantana plants after CCC application. CCC at the concentration of 6000 mg·L -1 could be helpful for the production of robust lantana plants with many flowers for attractive plant fences.
INTRODUCTION
The need for plant growth and development manipulation is of major priority in agricultural and horticultural industries for increased crop quantity and quality. The beneficial effects of chemical manipulation of plants by synthetic growth regulators (PGRs) are usually not restricted to a single species. Since its discovery in the 1960s, chlormequat chloride (CCC), a generally accepted inhibitor of gibberellin and sterol biosynthesis (Rademacher, 1991) , has become one of the most widely utilized commercial PGRs in the world (Roberts and Hooley, 1988) . However, CCC exhibits growth retarding, unimportant or even promoting activities depending on plant species (Cathey, 1964; Ryan, 1972; Tayama and Carver, 1990; Song et al., 1991; Henny et al., 1994; Latimer and Baden, 1994; Hamid and Williams, 1997) , concentration of the regulator (Halevy and Wittwer, 1965) , mode of application (Wünsche 1969; Lewis and Warrington, 1988; Henderson and Nichols, 1991; Hosni, 1996) and plant cultivar (Henderson and Nichols, 1991; Hossain et al., 1999) . The effects of CCC on flowering of ornamental plants are positive (Olsen and Andersen, 1995; Yadav, 1997; Dutta and Seemanthini, 1998; Mostafa, 2000) , unimportant (Ryan, 1972; Tayama and Carver, 1990; Hosni, 1996) or negative (Hosni, 1996; El-Maadawy et al., 2001) .
Light microclimate conditions many aspects of plant growth (Chelle and Andrieu, 1999) directly or indirectly, i.e. light intensity affects the uptake and translocation of plant growth regulators (Muzik, 1976) . It has been reported that different light intensities in combination with CCC increased the height and flower number of Campanula takesimana Nakai plants (Sim et al., 1997) .
The plant lantana (Lantana camara L.), an evergreen easily grown shrub (Synge, 1981) , exhibits great ornamental potential because of its vibrantly-coloured flowers (Heywood, 1982) while it is also used in xeriscape landscaping (Ellefson et al., 1992) . Due to these features, lantana and especially Lantana camara L. subsp. camara is used widely in several Mediterranean countries as an external use plant. It has been reported that CCC at the concentration of 4000 mg·L -1 increased the flower number and restricted the height of Lantana camara `Mixta´ (Elkiey et al., 1987) but, to our knowledge, nothing else is known on its effect on other members of the genus Lantana. Thus, this manuscript intends to investigate the growth and flowering response of Lantana camara subsp. camara to combined effects of various levels of shading and chlormequat chloride concentrations.
MATERIALS AND METHODS
The investigation took place from June to November 1997 and 1998 in a glasshouse in Attica (37 0 48΄20΄΄N, 23 0 57΄48΄΄E), Greece. The experimental material was selected from 16 to 18 cm mid-stem cuttings of lantana, each with one leaf pair, after their rooting in a mist propagator. Eleven weeks later, rooted cuttings were placed in 1.1 L (14 cm-top diameter) plastic pots (one cutting per pot) containing a white peat potting substrate (Klasmann-Deilmann GmbH, Germany). Plants were pruned to the third node from the bottom and transferred to a nonshaded glasshouse. After four weeks, the plants received a commercial liquid fertilizer containing trace elements (Complesal FluidAgrEvo; Hellas Co., Athens, Greece), with 50 ml solution per pot (1 ml per L water, 5N-8P 2 O 5 -10K 2 O). Ten days later the plants were pinched in the second internode from the tips; the experiments started twelve days later (24 and 20 June for 1997 and 1998, respectively) when the new-developing stems had a length of about 1 cm and there were no flower buds.
Chlormequat chloride (Affix 60 A.S. 60% w/v, Chemische produkten, Germany) was sprayed on foliage at 0, 750, 1500 3000 and 6000 mg·L -1 using 0.25 L of solution per plant. A surfactant (Agral 90, 94.8% w/w nonylphenolethoxylate Zeneca, USA) was used at 0.25 ml·L -1 . The experiment was a two-factor in a completely randomized design with six replications. The first factor had three shading levels, two (R 2 and R 3 ) created using shading polyethylene nets (Models 103 and 201, respectively, Manioudaki Bros SA, Greece) and one (R 1 ) nonshaded. The second factor had five levels corresponding to the CCC concentrations.
Photosynthetic photon flux density (PPF) measurements were taken hourly during daytime, from 0500 to 1600 h Greenwich meridian time at the top of the plant canopies, using three LI-190 SA quantum sensors each connected with a LI-1000 datalogger (LI-COR, Lincoln, Nebraska). During the experimental periods, the three PPF regimes for R 1 , R 2 and R 3 levels (0, 28 and 66% shading, respectively) provided average daily light quantities of 29.3, 21.1 and 9.9 mol·m -2 ·d -1 , respectively. Also, environmental data including temperature and relative humidity were monitored by three dataloggers 903 (Wilh. Lambrecht GmbH, Germany) and sensors for these parameters (Model 809 L 0-100 of Wilh. Lambrecht GmbH, Germany). Mean daily maximum and minimum temperatures ranged from 27.2 (R 3 level) to 33.0 (R 1 ) and 17.1 (R 3 ) to 18.1 (R 1 ) 0 C, respectively. On the contrary, the mean daily relative humidity showed its higher value (67 %) at the R 3 level without differing more than 5 % among the shading levels.
Plant height, diameter and number of flower heads (three at least open florets) were recorded every five days until 18 and 23 November 1997 and 1998, respectively. Growth index (GI) was calculated according to Ruter (1996) . The significance of effects of shading level and CCC concentration on GI change and the total number of flower heads per plant was estimated by analysis of variance with mean separation by Tukey's-HSD test. Regression analysis was performed to assay the possible relationships of the measured parameters with CCC concentration in each shading level. Statistics was performed using SPSS version 8.0 for Windows. Due to the overall similarity of the results of the two experimental years, data presented here are of the 1997 growing season.
RESULTS AND DISCUSSION
The GI change and the total number of flower heads per plant were significantly affected by the shading level and the concentration of CCC (Table 1) . Similarly, there was a significant interaction between concentration and shading level only in the case of flower heads.
The treated lantana plants with concentrations of CCC higher than 750 mg·L -1 showed consistently greater GI changes than the GI changes of the nontreated plants at all shading levels; these changes increased with the increasing concentrations of the regulator and became significant at the concentration of 6000 mg·L -1 compared to previous concentrations ( Table 2) . The increased GI changes may be due to the possible action of CCC, a quaternary ammonium compound (Rademacher, 1991) , as a source of nitrogen after degradation by lantana plants, as reported for other concentrations of CCC with other species too (Groves and Lang, 1970) . Contrary to our results, it was found important reduction in the height of Lantana camara `Mixta´ plants treated with CCC at concentrations of 2000 and 4000 mg·L -1 (Elkiey et al., 1987) . In addition, previous studies pointed out the different response of different cultivars of Dahlia pinnata (Hossain et al., 1999) and Pyracantha coccinea (Henderson and Nichols, 1991) to CCC.
The increasing shading from 0 (R 1 ) to 66% at R 3 level caused significant increases to the GI of the experimental plants (Table 2) . A similar positive relation between shading and height of other species treated with CCC has been mentioned (Sim et al., 1997) .
The young and the new-expanding leaves of plants, after the CCC application, presented chlorosis, especially in the margins which was not existent on leaves formed later. Chlorosis symptoms after treatments with CCC have been reported in other ornamental plants (Needham and Hammer, 1990; Rand, 1993) .
Plants which received increased concentrations of CCC presented increased number of flower heads at all shading levels (Table 3 ) but significant differences, in general, were noticed to concentrations larger than 1500 mg·L -1 in comparison to smaller than this. According to our results, it was mentioned (Elkiey et al., 1987) increasing flowering in Lantana camara `Mixta´ treated with CCC at the concentration of 4000 mg·L -1 . The progressive decrease of PPF from R 1 to R 3 level caused significant differences in the number of flower heads for the nontreated plants at R 3 level in comparison with the respective plants of R 1 and R 2 levels ( Table 3 ). The great reduction of flowering at R 3 level could be attributed to the strong light exclusion (Muzik, 1976) . On the other hand, no significant effect was found in the number of flower heads for plants treated with the same concentration of CCC as shading increased (Table 3) . On the contrary, Sim et al. (1997) reported that other species treated with CCC presented increased number of flowers at various levels of shading compared to no shading.
The change in the total number of flower heads per plant with the increased concentrations of CCC is following well the equations yR 1 = 18.265 + 0.0031 x (R 2 =0.96), yR 2 = 16.171 + 0.0034 x (R 2 =0.98) and yR 3 = 12.168 + 0.0040 x (R 2 =0.90) at R 1 , R 2 and R 3 levels, respectively where x = CCC concentration and R 2 = coefficient of determination. The GI changes at all shading levels cannot be expressed adequately by simple equations.
The presence of more flower heads in the treated lantana plants with CCC at the concentration of 6000 mg·L -1 at all shading levels could be helpful for the production of robust lantana plants appropriate for the creation of attractive flowering plant fences.
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